Two new quaternary borocarbide phases were discovered in the Y-Ru-B-C system: the ͑1111͒ YRuBC phase of the LuNiBC-type structure with tetragonal lattice parameters a ϭ3.625-3.630 Å and cϭ7.775-7.874 Å, and the ͑1221͒ YRu 2 B 2 C phase of the LuNi 2 B 2 C-type structure with tetragonal lattice parameters aϭ3. 742-3.787 Å and cϭ10.278-10.453 Å. Bulk superconductivity of 9.7 K was observed from transport and magnetic measurements for the annealed YRu 2 B 2 C sample with a short Ru-Ru bond length d(Ru-Ru)ϭͱ2 a/2ϭ2.646 Å.
The magnetic susceptibility measurements were made with a -metal shielded Quantum Design MPMS 2 superconducting quantum interference device ͑SQUID͒ magnetometer down to 2 K in 10 G low magnetic field. The transport resistance data were obtained using the standard four-probe method with an ac ͑16 Hz͒ excitation current of 10 mA ͑rms͒ in the sample space chamber of the MPMS 2 down to 2 K.
For the as-melted YRuBC sample, powder x-ray diffraction data show a multiphase pattern with ϳ40% of the new LuNiBC-type ͑1111͒ phase ͑tetragonal lattice parameters a ϭ3.635 Å, cϭ7.874 Å, and a unit volume Vϭ104.0 Å 3 ͒, 4 and ϳ20% of unidentified impurity phases. Superconducting transition around 4 K was observed but with a very small ͑Ͻ1%͒ zerofield-cooled ͑ZFC͒ diamagnetic shielding signal of 9 ϫ10 Ϫ6 emu ͑g G) at 2 K. This superconducting signal disappeared after the sample was annealed at 1200°C for one day. The x-ray pattern for annealed sample indicates that after annealing, both the ͑1111͒ phase ͑aϭ3.620 Å, c ϭ7.775 Å and Vϭ101.9 Å 3 ͒ and the ͑1221͒ phase ͑a ϭ3.787 Å, cϭ10.314 Å, and Vϭ147.9 Å 3 ͒ have a slightly reduced volume due to thermal diffusion and possible boron/ carbon loss during annealing.
For the as-melted YRu 2 B 2 C sample, the powder x-ray diffraction data also show a multiphase pattern with ϳ70% of the new tetragonal ͑1221͒ phase ͑aϭ3.780 Å, c ϭ10.278 Å, and Vϭ146.9 Å 3 ͒, no new ͑1111͒ phase, and ϳ30% of unidentified impurity phases. No superconductivity was observed down to 2 K for the as-melted YRu 2 B 2 C sample. It is noted that the new ͑1221͒ phase unit cell volume of 146.9 Å 3 in the as-melted YRu 2 B 2 C sample is smaller than 147.9-148.0 Å 3 observed from the multiphase YRuBC sample.
In order to enhance the effect of thermal diffusion and sample homogeneity through heat treatment, the YRu 2 B 2 C sample was annealed at a very high temperature of 1400°C for one day in a thick-wall ͑2 mm͒ quartz tube. After the high temperature annealing, the x-ray diffraction pattern in Fig. 1 shows no improvement of the new ͑1221͒ phase concentration ͑ϳ70%͒ but with a smaller unit cell volume ͑a ϭ3.742 Å, cϭ10.453 Å, and Vϭ146.4 Å 3 ͒. The calculated intensity using the atomic positions of the LuNi 2 B 2 C-type ͑1221͒ phase 4 in YRu 2 B 2 C is shown in Fig. 2 for comparison. All unidentified impurity phases in as-melted sample disappeared after annealing, with the emergence of a new impurity phase of ternary YRu 4 B 4 with tetragonal lattice parameter aϭ7.45 Å, cϭ14.99 Å. 14 The variation of lattice parameters and unit cell volume for the new ͑1221͒ phase indicates that there is a homogeneity range YRu 2Ϫx B 2Ϫy C 1Ϫz for the phase in the Y-Ru-B-C phase diagram.
The low temperature relative electrical resistance 
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The bulk nature of superconductivity can be checked through the magnetic measurement. The low temperature mass magnetic susceptibility g (T) of the same sample is shown in Fig. 4 for both the zero-field-cooled ͑ZFC͒ and field-cooled ͑FC͒ measurements in a low applied field of 10 G. A diamagnetic superconducting transition signal was observed at 9.7 K, a value equal to the midpoint transition T c ͑mid͒ of 9.7 K from the transport measurement. A large ZFC shielding signal of Ϫ1.9ϫ10 Ϫ2 emu/͑g G) at 2 K for the bulk sample indicates the bulk superconducting effect ͑using the calculated x-ray density of 7.12 g/cm 3 ͒. For the powder sample ͑200 mesh͒, smaller ZFC signal of Ϫ3.4 ϫ10 Ϫ3 emu/͑g G) at 2 K was observed in Fig. 5 , due to the multiphase nature of the sample. A large FC signal of Ϫ2.0ϫ10 Ϫ3 emu/͑g G) at 2 K for powder sample was observed as compared with smaller FC signal of Ϫ2.9 ϫ10 Ϫ4 emu/͑g G) at 2 K for bulk sample to de-pinning in the powdering process. To check the impurity superconductivity, two more samples were prepared. For the YRu 3 B 3 C sample, the x-ray data showed mostly the YRu 4 B 4 phase ͑ϳ80%͒ for both asmelted and annealed samples. Two small superconducting transitions around 8 K ZFC diamagnetic signal of 1 ϫ10 Ϫ5 emu/͑g G) at 2 K and 4 K ͓ZFC diamagnetic signal of 2ϫ10 Ϫ4 emu/͑g G) at 2 K͔ were observed. Since the orthorhombic ternary YRuB 2 phase has a T c of 7.8 K, 16 the 8 K transition is probably from the impurity YRuB 2 phase or the new YRu 2 B 2 C phase. For the YRu 4 B 4 C sample, the x-ray data show mostly the YRu 4 B 4 phase ͑Ͼ90%͒ for both asmelted and annealed samples. A small superconducting transition around 3 K was observed with the ZFC diamagnetic signal of 5ϫ10 Ϫ5 emu/͑g G) at 2 K. In conclusion, two new quaternary borocarbide phases were discovered in the Y-Ru-B-C system: the ͑1221͒ YRu 2 B 2 C phase of the LuNi 2 B 2 C-type structure and the ͑1111͒ YRuBC phase of the LuNiBC-type structure. Bulk superconductivity of 9.7 K was observed for the annealed YRu 2 B 2 C sample with the shortest Ru-Ru bond length. Impurity superconductivity of 3-4 K was also observed in the Y-Ru-B-C system. This work was supported by the National Science Council of the Republic of China under Contract Nos. NSC86-2112-M007-007 and -025.
